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This article discusses the possibility of creating a pneumatic actuator
that simulates the working process of an AK gun when shooting. The
trigger simulation system can produce the same recoil, frequency and
noise as an AK gun. Once built, the system can be used for training or
entertainment without using real bullets. For that purpose, a
microcontroller has been employed to adjust the parameters of a
pneumatic valve with a mechanical system simulated from a real gun,
meanwhile the actuator is a pneumatic cylinder with a pressure source
of 0.8 MPa from a conventional air compressor. Tests conducted on a
gun simulation model gave positive results: The rate of fire and sound
effects were similar to those of real guns, and the recoil when firing
was limited. Therefore, the device is suitable for practising stork hands
or applying in games that connect devices to a computer simulation
environment. These applications are permitted by law and are harmless
to humans and the environment.
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Bai bao nay thao luan vé kha nang tao ra mot hé chap hanh khi nén mo
phong lai qué trinh lam viéc cua mot khau sung AK khi ban. Hé thong
mo phong co sting c6 kha ning tao ra luc giat, tan suit lam viée va tiéng
dong nhu cua mot khau sung AK. Sau khi ché tao, hé thong duoc sir
dung dé luyén tap hozc giai tri ma khong ding dén dan that. Vi muc
dich d6, mot vi diéu khién da duoc s dung dé chinh cac tham sb cua
mot van khi nén véi hé co dwoc md phong tir sung that, trong khi co cdu
chip hanh 14 mot xy lanh khi nén vé6i ngudn ap luc 0.8 MPa tir may nén
khi thong thuong. Thir nghiém dugc tién hanh trén mé hinh mé phong
sting da cho két két qua kha quan: Tc do ban va hiéu Gmg am thanh
tuong tu nhu & sung that, do giat khi ban con c6 han ché. Do dé, thiét bi
rat phu hop dé tap luyén tay co hoic ng dung trong céc tro choi co két
ndi thiét bi that voi méi truong gia lap trén may tinh. Cac ung dung nay
dugc phap luat cho phép va hoan toan khong tao ra bat cir nguy hiém
nao voi con ngudi va moi trudng.
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1. Gioi thigu

Theo Phuong Hién [1], hién nay, nhu cau sir dung sung tiéu lién AK phuc vu mén hoc gido
duc quéc phong, an ninh trong cac truong dai hoc, cao dang 1a kha 16n. Tuy nhién, nhiéu truong
hoc chua dugc trang bi du s6 luong sung nén hodc phai giang day, hoc tap “chay”, hodc phai sur
dung cac loai sung md hinh ¢ thiét ké don gian nén chét lugng hoc tap khong cao. Mt khac, néu
sir dung mot s6 lwong 16n sing that trong hoc tap ciing khong bao dam yéu t6 an toan. Khic phuc
kho khin trén, cc can bo, ki su Nha may Z131 (Tong cuc Cong nghiép Qubc phong) di nghién
ctru thiét ké, ché tao thanh cong mo hinh sung tiéu lien AK phuc vu hoc tap moén hoc gido duc
qudc phong, an ninh trong nha truong [2]. Stng nay c6 hinh dang, kich thude va két cdu cac bo
phan tuong ty nhu san pham that, cung voi cac kha ning chuyén dong nhu sing that nhu: Lén
dan, givong bua, phat hoa, ddng mo khoa an toan, dong mo thudce ngam. San pham nay tap trung
chu yeu vao khia canh trai nghiém két cau va nguyén 1y, khong c6 tac dung trai nghiém tai tao
sure giat, tiéng nd, luc tay co mo phong hoat dong ban trén stiing that.

Dé tai phat trién khoa hoc va cong ngh¢ cua tac gia Tir Ngoc Lwong [3] 1a mét cong trinh kha
quy mé vé gido cu sing bd binh, bao gdm nhiéu thé loai hién dai trang bi | tap luyén cho nhiéu lyc
lwong. Tuy nhién cong trinh nay ciing chi phuc vu dugc viéc quan st cdu tao va mod phong trén
mdi trudng do cac chuyén dong cia siing.

'Ngoai cac nghién ctru noi trén, c6 mot bo thiét bj ban tap phd bién khac dwoc dé cap trong bai
viét cua truong trung hoc phé théng Han Thuyén, Bic Ninh [4] 1a MBT -03. Th1et bi nay giup lay
dugc dudng ngam to1 mot bia trén may tinh va dugc kiém tra truc tiép duong ngam co ban song
song véi cach kiém tra truyen thong ctia gido vién. Thiét bi nay chi tdp dudong ngim, khong co
chtre nang m6 phong céc yeu t6 khac.

C6 thé thay, nhu cau st dung cac hé thong vii khi bg binh trong dao tao & cac nudc 1a rit pho
bién. Tuy nhién & cic mdi truong phi quan sy hau hét sir dung cac giai phap mé phong [5] — [12]
thay vi cac hé thdng thuc nhu cac truong quan su.

Vi nhiing 1y do néu trén, van can c6 mot thlet bi c6 thé vira tai hién duogc sirc giat, tiéng nd,
cam gidc tay co cling nhu c6 kha nang két ndi duoc v6i moi trudng gia 1ap nham thyuc hién cac
nhiém vu tro choi hay glao duc quoc phong

Phan tlep theo, tac gia s& dé cap dén viéc diéu chinh hé thong dong lyc cua stng dé dat duoc
cac thong s6 nhu strc giat va toc do ban 1y thuyét. Cac thiét ké cu thé ctia mach tin hidu didu
khién van khi nén dung trén sing ciing dugc chi ra trong muc nay.

2. Phwong phap nghién ciru
2.1. Xdy dung hé thong thue
2.1.1. Hé thong chap hanh

V61 muc dich 1a tai tao strc giat, tiéng nd va cam giac tay co, nghién ctru nay di theo huéng su
dung mét xy lanh khi nén lam co cau chip hanh chinh cta hé thong Khi ¢ dinh than xy lanh va
cap khi nén vao cira A, no thodt ra ctra B ctia van 5/2 1am cho can day piston mang theo khéi
lugng M tugng trung cho bé khoa nong chuyén dong hét hanh trinh va va dap véi ga mang mé
phong luc giat cua phat ban. Cam giac cua tay co dugce diéu chinh boi mot 16 xo, khi xiét co tay
co tac dong 1én mot clr hanh trinh lay tin hiéu dién vé diéu khién van khi nén qua mot mach bam
xung. Luong khi ap luc 0.8 MPa tir may nén khi dugc chia thanh cic xung tinh toan theo téc do
bén ly thuyét 600 phat/phut cua sing AK.

Vé nguyén tac chi can sao chép khdi lugng M, hanh trinh cia thoi ddy va tin sé dong cét ciia
van khi nén glong nhu sting that thi s& c6 mot hé théng mo phong sung AK hoan chinh. Tuy
nhién, vi ngudn dong lyc cua mdy nén khi chi ¢6 0.8 MPa nén khong du dé thay cho 4p luc khi
nén tir thudce sang [13] nén mé hinh nay da diéu chinh khdi lugng M theo ti 1€ (cOng sudt/ khéi
luong = 355 MPa/4,3 kg) nhu sting AK mau dé ¢ hiéu Gng luc giat tot nhit c6 thé. Nhu vy, mo
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hinh ¢ day 1a mo hinh dong dang dong lyc hoc véi sing that, khong phai mo hinh sao chép
nguyén mau nhu sung thét. Nhu vy, viéc dam bdo ti s6 Cong suét/ khéi luong s& cho phép tai
hién strc giat, viée toc do dong cit van khi theo tbc d6 ban thuc té& 600 phat/ phut s& cho m6
phong chinh xac vé viéc diéu khién tay co khi tap bén hai vién mot nhu yéu cau.

So dd hé thdng chip hanh dugc thé hién nhu hinh 1 duéi day.

Phan gia lap May nén khi » Vankhinén »| Xy lanh khi nén P TaitrongM
T A
v 4
Cam bién anh sang [« - Vidiéukhién f-------- 4
A
I
1
Clt hanh trinh (& = Co sung

Hinh 1. So do hé thong chap hanh
2.1.2. Hé thong néing liong va thong tin

Trén co s6 so do diéu khién va thong tin (hinh 2), cac khéi dau vao va khéi dau ra thong qua
khdi diéu khién dugc xac dinh ro rang. Két hop véi hé thong nang luong va tin hiéu (hinh 3), cac
linh kién tiéu chuén cua san phém s€ duoc lya chon, cac linh kién phi tiéu chuén s& dugc chung
t6i thiét ké va ché tao. Can ctr vao so dd nay con dé diéu ché cac dang niang luong (dién/ khi) toi
mirc quy dinh ciia thiét bi theo yéu cau. Do d6 cac thiét bj c6 chirc ning diéu chinh hodc 6n dinh
(dong/ap) duoc bo sung thém vao thiét ké.

Cong tic hanh
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Hinh 2. So dé diéu khién va thong tin
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Ngudn khi nén »| Van khinén 5/2 Xy lanh cong tac
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Hinh 3. So' do néing lwong va tin hiéu toan hé thong

Mot s6 linh kién c6 thiét ké tidu chuan dugc xac dinh dua trén yéu cau k¥ thuat cu thé cua
san pham:

- Vé khéi nguén, mach ha ap DC LM2596 3A s€ duogc sir dung do tinh nhé gon, cé kha nang
giam ap tr 30 V Xuéng 1,5 V ma van dat hiéu suat cao (92%). N6 thich hgp cho cac ing dung
chia nguodn, ha ap, cap cho cac thiét bi nhu vi dleu khién, camera, motor, robot;

- Cbng tic hanh trinh hay con goi cong tic gi6i han hanh trinh, la dang cong tic dung dé
giéi han hanh trinh cua co sung. Cong tic c¢6 tiéu chudn chong bui chéng nude IP67, nhiét do 1am
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viéc trong khoang dudi 70°C, c6 dién ap tbi da 1a 500VAC, dong dién dinh mirc 1a 1A. Kiéu tac
dong ctia cong tic loai nay 1a cap tiép diém NO va NC tac dong nhanh véi can tac dong 2 chiéu;

- Cam bién anh sang, co thé phat hién cudng d6 anh sang. Nhd d6 né co thé phat hién dugc
vat sang trong man hinh trén phan mém mé phong gia 1ap. Linh kién nay c6 mi 1a W103 dang

quang tré;

- Vi diéu khién trung tdm 12 mo dun thu phat WifiSoC ESP8266 ESP-12f. Mach thu phat
Wifi SoC ESP8266 ESP-12E Ai-Thinker c6 nhan xir 1y bén trong 1a IC Wifi SoC ESP8266,
thuong duoc sir dung trong cac Gng dung két ndi Wifi, IoT. Hién nay no c6 kich thudc nhod gon,
ra chan day di ciia IC ESP8266 (Hinh 4);
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Hinh 5. So' d6 ddu néi toan bé linh kién trong thiét ké
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- V& khéi dau ra, van dién tir 5/2 duoc lua chon 1 loai 4V210-08 hang AirTac c6 ap sut tbi
da 0,8 MPa phu hop véi ngudn khi c6 sin, van sir dung dién ap DC24V cho phan chap hanh.
Dién ap dau ra cua by xur ly trung tdm 1a 5 V thi khong thé du dé van dién tir 5/2 c6 thé hoat dong
duoc, do d6 can thiét ké thém mach ding dé dong cit gitra nguon dién 24 V v6i van dién tur 5/2.
Khi nhén tin hiéu tir bo xir 1y trung tAm thi mach dong cit chuyén trang thai cho ngudn 24 V cép
cho van hoat dong va nguoc lai.

- Ngoai ra con c¢6 mot $6 IC va linh kién cho mach dong cit, két ndi toan mach nhu Pc 817,
SW-SMD, cac loai trd 1K, 10K, cac loai tu 104, 106, Diot va dén led.

Trén co so cac linh kién ngudn/ khdi vao/ khéi ra di xac dinh duoc, bo mach chi 1a linh kién
phi tiéu chuén duoc thiét ké nhu trén hinh 6, véi so dd diu ndi mach dugc thé hién déy du nhu
trén hinh 5.

o
—_—
@
@
.
&

Hinh 6. Bo mach chu mat trén (trai) va dudi (phai)

Linh kién ndy duoc thiét ké va ché tao thir nghiém ngay tai truong Pai hoc K§ thudt Cong
nghiép - Pai hoc Thai Nguyén (TNUT) dé hoan thién thiét bi.

2.2. Phan gid ldp trén Unity

Unity 1a mot phan mém lam game da nén tang, cac nén tang duoc hd trg hién nay 1a Android,
10S, Linux, macOS, Windows, Windows Phone. Unity3D cung cip mét hé thong toan dién cho
cac 1ap trinh vién, tir soan thao mi ngudn, xay dung cong cu tu dong hoéa dén trinh stra 16i nén dé
st dung. Ngon ngir 1ap trinh chinh cua Unity la C#, ngoai ra con c6 hd tro cho Javascript. Unity
clng tan dung chire nang cia cac thu vién phan mém nhu engine mé phéng vat 1y PhysicX cua
Nvidia, OpenGL va Direct3D dé két xuét hinh anh 3D va OpenAL cho 4m thanh nén no hd trg
rat manh cho cong viéc 1ap trinh game. Cac muyc tiéu dwoc mé phong trén phan gia lap. Khi ban
trung muc ti€u thi s€ c6 muc tiéu khac xuat hién. Nhur vay khi thuc hién thao tac trén sting c6 thé
¢6 hai ché @6 1a: chi bin khi nén (luc nay khong két ni loa blue tooth) va bén lién thanh 30 phat
lién tuc mdé phong mot bing dan (ngoai sirc gidt con co tiéng dong cua khi thoat ra md phong
phat ban). Néu ¢ ché d¢ ban truyén am thanh cua trd choi ra loa Bluetooth chi ¢ thé ban phat
mdt, nhung lac nay cé hai kénh am thanh 1a tiéng khi nén va tiéng 1ong vao phan mém gia lap
cua tro choi dién tir ¢6 san.

|

Hinh 7. Man hinh gid \dp khéong gian tré choi phoi hop Véi siing va cam bién danh sing
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Do tin hi¢u co dong bd véi cam bién anh sang nén hiéu tmg phan hdi c6 thé hién két qua ban
tring hay trugt 16 rang va dong bd voi luc giat ciing nhu tiéng né6 md phong. Trén man hinh
(Hinh 7) c6 thé hién két qua tro choi rd rang tao su hap dan 16n véi ngudi choi.

2.3. San phdm hoan thién va nguyén Iy lam viéc

Vé hoan thién san pham va nhu di néi ¢ trén, cong suat ciia ngudn khi nén kha nhé chi 0,8
MPa nén khéi lwong sung bi rang budc va phai thi cong bang cac vat liéu nhe. Hinh 8 cho thay
san pham hoan thién sau khi xiét cac diéu kién vé khdi luong, cac chi tiét cha yéu dugc in 3D
bang nhya resin dé dam bao bén nhe nhat c6 thé. Tét ca cac linh kién duge gidu kin vao than sing
lam rong dé dé dang thao tac khi choi.

Hinh 8. Sung mé hinh sau khi hoan thién

Nguyén ly lam viéc:

+ Khi ¢6 tin hiéu co giri vé, bd xir 1y trung tim s& ra tin hiéu dong cat mach cho phép cap
ngudn dé van dién tir hoat déng. Van khi c6 dién s& chuyén trang thai va cip khi cho xy lanh tao
do giat chuyén trang thai.

+ Pong thoi luc d6 vi diéu khién ciing kich hoat cam bién anh sang hoat dong. Khi ngudi choi
ngim bén chuin vao muc tiéu 14 cac vat sang trén phan gia 1ap thi cam bién anh sang s& phat hién
ra va coi nhu 1a mot 14n bén trung muyc tiéu.

3. Két qua nghién ciru va danh gia

Sau khi hoan thién hé théng va tién hanh thir nghiém tac gia c6 mot s6 danh gia nhu sau:

- Thur nghiém cho thy xy lanh m6 phong dung nhip giat cta sing theo loat ban. Cac bo phan
co khi phéi hop vé6i nhau rat hiéu qua tao dugc do giat. Xy lanh c¢6 thé hoat dong lién luc vi van
tdc cao trong mot ’khoang thoi gian dai. Tuy nhién d¢ giat chi dap ing dugc khoang 30% so voi
do giat do sung bén dan that gdy ra. Nguyén nhan 1a do san phim str dung ngudn khi nén sin ¢
c6 cong suét nho (chi 0,8 MPa) trong khi khong thé rt khdi lwong sung nho hon nira nén stc giat
chua phan anh mé hinh gdc 1a sing AK (c6 sirc giat 6,9 ft 1bs). Néu cin mo phong chinh xac stc
giat nhu cua sing thét thi c6 hai cach: mét la tang ap lyc khi nén, hai la tang khoi luong chuyen
dong gin 1én can diy cua piston khi. Véi phuong an mét, ngudn khi nén 4p cao nhét c6 thé tiép
can duoc dé dang 1a binh khi gas - CO, véi ap suat 20 MPa (dugc dung cho siing Airsoft) so véi
ap sudt dan that 355 MPa thi sing cin ning 0,24 kg 1a kho kha thi, trir khi sung dugce ché tao
bang cac cong ngh¢ dac biét nhu soi cacbon. Co thé chon phuong 4n thir hai 1a tang strc giat
(dong nang 1ii) bang cach tang khdi lugng khdi chuyén dong ma khong tang ap sut nguon khi.
Gidi phéap nay kha thi va an toan hon.

- San phém dé dang mo phong lai qua trinh diém xa mot vién, hai vién, hodc c6 thé bn mot
vién rdi ban lién thanh lubn va gan nhu 1a khong han ché vé ché do ban. Tay co véi luc cing va
diém cham twong ddi giéng sing that.

- Vé téc d6 ban: Tc do ban trén thyc té la 600 phat/ phat dugc xac dinh ngay trong 1ap trinh
(12 tan suat dong mo van khi nén). Thong so nay dap ung duoc nhu sing that.

- Thir nghiém ban muc tiéu trén phan mém gia lap Unity dat két qua rat t6t. Cam bién anh sang
hoat dong va nhan biét muc tiéu khi ghép sung vao hé thong man hinh ciia trd choi ban vit (Duck
Shooter). Viéc bit muc tiéu nay ding véi nhip giat ciia sung sau khi bop co. Khi vit bay ngang man
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hinh diém cham x4c dinh phat ban 14 tring hay truot muyc tiéu. Tuy nhién, cam bién 4nh sang van
c6 thé bi nhiu néu anh sang bén ngoai c6 cuong do manh hon anh sang mo6 phdng vat. Tuc la, khi
choi tro choi nay dudi troi néng sang, kha nang di¢t muc tiéu s& gap kho khan hon.

- Hiéu tng 4m thanh séng dong va nhu Am thanh cua sing that. Vi trén sung c6 ngd ndi loa
speaker nén 4m thanh mo6 phong c6 thé dé dang duogc didu chinh. Am thanh ¢6 dugc tir hai nguon
ddng thoi 12 Am thanh cua khi nén thoat ra khoi van khi va am thanh nén cua tro choi truyén qua
loa Bluetooth. Tiéng siing duogc cai dit nay gitip qué trinh ban dam bao vé muirc d6 chan thuc do
n6 la file 4m thanh duoc thu san va chi phat lai ra loa cung luc véi viéc kéo co sing.

- V& van d¢ tudi bén hé thdng: do van 5/2 13 van tiéu chudn cong nghiép nén do bén duge dam
bao theo bao hanh cia nha san xuit van. Cac bod phén cua sting dugc lam tur g5, inox tAm, nhua
déo cung cac linh kién khac nhu xylanh, 6ng carbon c6 d6 bén rat cao, it bi hu hong.

- Vé gia thanh, sing mo hinh dugc ché tao v6i cac vat liéu d& kiém, quy trinh gia cong don
gian nén gia rat ré. Do do, san pham hoan toan c6 kha ning dwgc nhan rong cho cac trudng hoic
dbi twong c6 nhu cau.

4. Két luén

Trén co sé mo hinh dong dang, sing md phong da duoc hoan thanh va ket nbi voi moi truong
ao dé hoan thién tro choi. Mot s6 yéu t6 ctia md phong da cho trai nghlern tt & goc do tro choi,
néu phat trién thanh thiét bi tap luyén nhu tip do nhay tay cd co6 thé coi 1a dap tng yéu cau.

San pham sau khi hoan thién da duoc timg dung vio trd choi trai nghiém tai cac trudong THPT
trén dia ban tinh Thai Nguyén dudi dang mo6 hinh STEM va ciing da gianh gidi nhi trong cudc thi
vé Nghién ciru khoa hoc cho hoc sinh THPT tinh Thai Nguyén nam 2021. N6 ciing an toan do chi
sir dung ngudn ap suat thip va khong co cach nao chuyén doi thanh vii khi thuc su. So véi cac
nghién ciru da c¢6 ¢ phan 1 thi thiét bi nay khong dung lam hoc cu nghién ctru két ciu nhung nod
lai cho phép trai nghiém cam giac ban sing day du va kha chinh xac v6i nhing gi bin siing that
mang lai ma cac md hinh trudc d6 khong co duge.
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